When bound to the GroEL apical domain, the SBP pepcochaperonin GroES as a two-stroke, ATP-regulated tide forms a ␤ hairpin structure and is nestled in a hyfolding machine (Figure 1 ). The full GroEL tetradecamer drophobic groove between helices H and I of the apical forms two back-to-back rings, each with seven subunits, domain (Figures 2a and 2b) . Significantly, this is the which encapsulate two internal cavities where substrate same site that is occupied by the GroES mobile loop proteins are sequestered. The current view is that foldregions (Landry et al., 1993) in the structure of the GroEL/ ing is facilitated both because the protein substrate is GroES complex (Xu et al., 1997). It is also the same isolated from other cellular constituents, essentially at site that was observed in an earlier crystal structure of infinite dilution, and because GroEL binding can unfold isolated GroEL apical domain to bind a seven-residue or partially unfold kinetically trapped intermediates and N-terminal epitope tag from an adjacent molecule in the give them a fresh start in folding.
plexes. Using phage-display methods, they found a set
There is intra-ring allostery, which favors saturation of one ring with of dodecamer peptides that bind to the GroEL apical ATP, and inter-ring negative allostery, which promotes the next step in the cycle in the opposing ring.
domain, which is known to interact with substrate based residue and the Asn265 side chain of the apical domain. Chen and Sigler tested isolated peptides corresponding to the GroES mobile loop and the N-terminal epitope tag sequence for binding to the apical domain, but were barely able to detect any binding in their fluorescence anisotropy assay. Presumably the presentation of these sequences as a stereochemically matched and multivalent oligomer (GroES), or structurally constrained in crystalline form (N-terminal epitope tag), confers an entropic advantage and thus enhances their apparent affinity.
It is reasonable to question whether the site that binds SBP and the N-terminal epitope tag is truly the substrate-binding site or whether these sequences are merely mimicking the GroES mobile loop. A loose argument can be formulated that supports the former interpretation, based on a number of studies that have localized both the GroES and substrate-binding sites to the region including helices H and I. First, an extensive mutational analysis several years ago (Fenton et al., 1994) showed that residues whose mutation diminished binding to denatured ornithine transcarbamylase were largely hydrophobic and formed a patch on the inner surface of the apical domain (Figure 2c ). In almost every case, Proteins in the third group exceed the size capacity of (compare Figures 2b and 2d) . It is possible that helical sequences exploit a different mode of binding from that the GroES-enclosed GroEL cavity, and are not released from GroEL upon GroES/ATP addition. The authors sugseen in high-resolution structures to date.
What makes a polypeptide a good substrate for bindgest that these proteins, which comprise ‫%6ف‬ of GroEL substrates, represent "dead-end species." However, if ing to GroEL? We know that hydrophobicity is crucial for both protein substrates and peptide models. Recent this were the case, these proteins would deplete GroEL from the cell, which seems physiologically unlikely. This work argues that affinity for GroEL is greatest for peptide substrates that are capable of presenting an uninterparticular result is perplexing, but perhaps these proteins represent cellular components that are typically rupted hydrophobic face (Preuss et al. to GroEL might reflect a more unfolded form of bound that had known structures, or homologs with known substrate. It is possible that molten globule-like substructures, were examined using domain classification strates bind initially through larger surfaces, but become methods. The 24 proteins that could be analyzed in this less folded by structural rearrangement. If the more unway were representative of the larger set in terms of folded chains bind with higher affinity in the manner their sizes and predicted secondary structures, lending illustrated by the SBP-GroEL complex, this could explain credence to the striking observation that this group was the driving force behind GroEL's unfolding activity. As enriched in one particular tertiary arrangement, the ␣␤ noted above, no helical substrate bound to GroEL has fold. The proteins in this general structural category yet been seen at atomic resolution. Do helices exploit feature ␤ sheets that are flanked on one or both faces a new mode of binding? Could the folding of ␣␤ proteins by ␣ helices. The most highly represented topologies be facilitated by induction of helices upon GroEL binding were those containing multiple ␣␤ domains, and in par-(Brazil et al., 1997; Preuss et al., 1999) and stabilization ticular those with three-layer ␣␤␣ and two-layer ␣␤ sandof the sheets by binding to multiple apical domains towiches. As the authors speculate, the class of proteins gether, which then could lead to a productive union of containing ␣␤ domains might be prone to misfolding for the two regions upon substrate release? This type of a variety of reasons. Folding to ␤ sheet topology is more model invokes a much more active and structurally specomplex than helix formation because of the necessity cific role for the chaperonin than previously envisioned. to form interactions between residues that are distant Future work should be aimed at addressing these imporin sequence; thus sheets might fold slowly (Capaldi and tant mechanistic issues. Radford, 1998). Furthermore, nascent ␤ sheets aggre-
